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Abstract
To analyze midlatitude medium-scale travelling ionospheric disturbances (MSTIDs) over Kazan (55.5N, 49E), Russia, the suﬃ-
ciently dense network of GNSS receivers (more than 150 ground-based stations) were used. For the ﬁrst time, daytime MSTIDs in
the form of their main signature (band structure) on high-resolution two-dimensional maps of the total electron content perturbation
(TEC maps) are compared with ionosonde data with a high temporal resolution. For a pair of events, a relationship between southwest-
ward TEC perturbations and evolution of F2 layer traces was established. So F2 peak frequency varied in antiphase to TEC perturba-
tions. The ionograms show that during the movement of plasma depletion band (overhead ionosonde) the F2 peak frequency is the
highest, and vice versa, for the plasma enhancement band, the F2 peak frequency is the lowest. One possible explanation may be a greater
inclination of the radio beam from the vertical during the placement of a plasma enhancement band above the ionosonde, as evidenced
by the absence of multiple reﬂections and the increased occurrence rate of additional cusp trace. Another possible explanation may be the
redistribution of the electron content in the topside ionosphere with a small decrease in the F peak concentration of the layer with a small
increase in TEC along the line-of-sight. Analysis of F2 peak frequency variation shows that observed peak-to-peak values of TEC per-
turbation equal to 0.4 and 1 TECU correspond to the values of DN/N equal to 13% and 28%. The need for further research is evident.
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1. Introduction
The ionosphere as a whole is fairly quiescent plasma
with low-intensity permanently moving irregularities called
travelling ionospheric disturbances (TIDs). More than six
decades, they have been consistently investigated by instru-
ments that used both ionospheric sounder in diﬀerent fre-
quency bands, and devices based on other physical
principles. At ﬁrst, the HF-techniques (for Doppler and
ionosonde measurements), which initially divided TIDs
into three kinds (large, medium and small scales), made
an appreciable contribution to our knowledge of TIDs,
and gave an initial rough idea of the vertical structure of
LSTID and MSTID (about the wave front tilt from the
vertical, and that in the horizontal plane they are seen as
the frontal irregularities) (Georges, 1968; Bowman, 1968).
If special interference measurements are not taken into
account (e.g., see Bowman, 1969; Bowman and Dunne,
1981), the ionosondes and Doppler sounders were mainly
involved in studies of LSTID (e.g. see, Petrova et al.,
2007), which have amplitude larger than MSTID and prop-
agate over great distances. But signiﬁcant success in imag-
ing not only LSTID, but also MSTID came with
incoherent scatter radars (a detailed vertical structure was
revealed (e.g., see Seker et al., 2009) with a potentially pos-
sible volumetric imaging of MSTID due to steering and
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